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486a Tuesday, March 8, 2011quantify the BSCaMIQ sensor for live cells at single-cell resolution, based on the
competition between CaM and the channel (Liu et al., Nature 2010) and also the
in vitro measurement of BSCaMIQ sensors (Black et al., Biochemistry 2006).
Next, we move up to multiple cells in phantom of FMT (Hu, et al., Progress in
Natural Science, 2008). Cell lyses are loaded into phantom in FMT system to per-
formFRET,with different titration ofCaMconcentrationsupon lyseswithBSCa-
MIQ. Finally, cells expressing BSCaMIQ are suspended as solutions in phantom.
Suspensions of cellswith distinct expression levels ofCaM, as scalablemimics of
bulky tissue, are imaged in full-angleFMT to examine spatial resolution andother
key issues in FRET sensor-based FMT. Here, we present an innovative approach
to systematically quantify BSCaMIQ sensors at single-cell, multi-cell and tissue
levels for FMT, which is readily applicable for other FRET sensors.
2636-Pos Board B622
Amino Acid-Specific Attachment of a Protein to the Termini of Carbon
Nanotube Without Affecting its Enzymatic Function
Shahbaz J. Khan.
In single-molecule measurement and manipulation of biological materials, as
well as constructing biological devices by utilizing nano-materials, the interac-
tion between biomolecules and nano-material largely affect the quality of the
device and accuracy of the measurement. Especially, when a small number
of the molecules are targeted, the way of attaching protein to the nano-
material largely affects the result. We describe a strategy for site-specific con-
jugation of target proteins to carbon nanotubes. Non-natural amino acid, azido-
tyrosine, was incorporated in a protein of interest at a desired position by uti-
lizing amber mutation method. This azide group was then reacted with carboxyl
group at the end(s) of nanotube through a set of cross linkers. We successfully
demonstrated that calmodulin can be attached to the end of nanotube without
losing its enzymatic functions. This approach allows the covalent conjugation
of any nanostructure and/or nano-device to any proteins without affecting their
biological functions.
2637-Pos Board B623
Kinetic Study of De Novo Chromophore Maturation of Fluorescent
Proteins
Ryo Iizuka, Mai Yamagishi-Shirasaki, Takashi Funatsu.
Green fluorescent protein (GFP) has a chromophore that forms autocatalyti-
cally within the folded protein. Although many studies have focused on the pre-
cise mechanism of chromophore maturation, little is known about the kinetics
of de novo chromophore maturation. Here, we present a simple and efficient
method for examining the de novo kinetics. GFP with an immature chromo-
phore was synthesized in a reconstituted cell-free protein synthesis system un-
der anaerobic conditions. Chromophore maturation was initiated by rapid
dilution in an air-saturated maturation buffer and the time course of fluores-
cence development was monitored. Comparison of the de novomaturation rates
in various GFP variants revealed that some folding mutations near the chromo-
phore promoted rapid chromophore maturation and that the accumulation of
mutations could reduce the maturation rate. Our method will contribute to
the design of rapidly-maturing fluorescent proteins with improved characteris-
tics for real-time monitoring of cellular events.
2638-Pos Board B624
Photothermal Lens Spectoscopy in Highly Scattering Media
Omar Ziane, Aristides Marcano, Hacene Boukari, Noureddine Melikechi.
Photothermal lens spectrometry is a highly-sensitive technique used to mea-
sure simultaneously absorption and thermal parameters of various scatter
free samples. However, recently researchers have extended the use of this tech-
nique to for measuring the absorption of light in complex samples, including
highly scattering media such as biological samples, . It is commonly applied
in either scattering-free samples or without a systematic study of assumed
that the effects of scattering on the photothermal signals. measurements are
negligible. In this work, we report the results of a pump-probe experiment in
which In the present study we measured both the photothermal signal and the
scattering intensity at 90o angle from samples of water solutions prepared with
a mixture of absorptive gold nanoparticles (concentration 150 ppb and 2-nm
diameter) and scattering latex microspheres (0.2-25 microm diameter and con-
centrations 1.3-50 microg/ml). The data show that the photothermal signal
slowly decreases when the concentration of the latex scatterers is increased.
At latex concentration 50 microg/ml, the scattered signal increases more
than 2 orders of magnitude for 0.2-microm latex microspheres while the photo-
thermal signal reduces by less than 50%. This result suggests that the signal
reduction may be caused by the distortion of the excitation beam profile due
to multiple scattering, inducing hence reduction of the local temperature gra-
dient necessary for thermal lensing. In the case of Latex, we show that the pho-
tothermal lens method can be considered scattering free for turbidity values
smaller than ?? (1/cm).2639-Pos Board B625
Synthesis of Photochromic ATP Analogue and its Interaction with Motor
Protein
Kazuya Aritomi, Taro Kimura, Takeshi Itaba, Shinsaku Maruta.
Azobenzene is one of the photochromic molecules, which undergoes rapid and
reversible transitions between the cis isomer and trans isomer by visible and
ultra-violet light irradiation. We have been trying to control the activities of
motor proteins using the photochromic molecules as photo-regulatory devices.
We have recently demonstrated that microtubules dependent ATPase activity
of the kinesin modified by azobenzene derivative was regulated by UV-VIS
light irradiation. However, it was not so easy to incorporate the photochromic
molecules into the functional site of motor proteins without altering the native
enzymatic properties.
In the present study, we have designed the novel ATP analogues consist of pho-
tochromic molecules in order to photo-regulate the motor protein kinesin with-
out their chemical modification. It is expected that the ATP analogues induce
the reversible conformational change in the active site by alternate UV-VIS
light irradiation. We have synthesized non-nucleotide ATP analogue composed
of azobenzene derivative, Phenylazobenzoic-aminoethyl -triphosphate (PA-
BATP). PABATP showed UV/VIS light absorption spectral change accompa-
nied by transition between cis and trans in a similar manner observed in
azobenzene. PABATP was hydrolyzed by conventional kinesin and the hydro-
lysis rate was activated by microtubules. It has been demonstrated that the cis
isomer and trans isomer perform differently on a microtubule gliding motility
assay. We have also examined the formation of kinesin-PABADP-Pi analogues
(BeFn, AlF4-, Vi) which may mimic the transient states in ATPase cycle.
2640-Pos Board B626
Photocontrol of the Small G Protein Ras Using Photochromic Molecule
Hisashi Kobayashi, Shinsaku Maruta.
Small GTPase Ras is one of the G proteins. It was shown that the crystal structure
of the GTPase domain strikingly resemble to that of ATP driven motor proteins
myosin and kinesin.We have previously demonstrated that incorporation of pho-
tochromicmolecules in the functional sites of kinesin enable the photo-regulation
of theirATPase activities. Therefore, it is expected that Rasmaybe also regulated
using photochromic molecules. In this study, basic experiments were performed
in order to photoregulate GTPase activity of Ras. A new fluorescent GTP ana-
logue, NBD-GTP was synthesized in order to monitor the GTPase Ras.
NBD-GTP showed initial burst enhancement of the fluorescent intensity by
120% when GDP free Ras was added and subsequently slow increase of fluo-
rescence. The results may suggest that the initial burst of fluorescence reflects
the binding of GTP to the free GTPase site of Ras, and the slow phase corre-
sponds to the formation of Ras-GDP-Pi state. Quantitative analysis of cysteine
residue on the surface of Ras using DTNB revealed that one of the intrinsic
three cysteine locates on the surface. However, SH group reactive photochro-
mic molecule, 4-phenylazophenyl maleimide (PAM) was not incorporated
into the cysteine residues of wild type Ras. We designed the cDNA encoding
the ras, which has an additional reactive cysteine residue at near 12, 59 and
61, which are suggested as an essential for GTPase activity. We prepared
Ras mutant T59C that have a reactive cysteine residue in the functional key re-
gion for the signal transduction. Incorporation of PAM into T59C abolished
GTP binding and GTP hydrolysis of the mutant. UV and Visible light photo ir-
radiation did not alter the GTPase activity of the mutant modified with PAM.
2641-Pos Board B627
Conformational Change of Myosin Head Induced by Photo-Isomerization
of Photochromic ATP Analogue
Takeshi Itaba, Hideki Shishido, Yasunobu Sugimoto, KatsuzoWakabayashi,
Shinsaku Maruta.
Azobenzene is a photochromic molecule that undergoes rapid and reversible
isomerization between the cis- and trans-forms in response to ultraviolet
(UV) and visible (VIS) light irradiation, respectively. Previously, we have
cross-linked reactive cysteine SH1 and SH2 of skeletal muscle myosin with
the sulfhydryl-reactive bifunctional azobenzene derivative, azobenzene-
dimaleimide (ABDM) and succeeded to induce lever arm swinging reversibly
by photo-irradiation. However, incorporation of the photochromic molecules
into the functional regions abolished native enzymatic properties of myosin.
In thepresent study,wehave employedphotochromicATPanalogues that change
its structure reversibly by light irradiation in order to photo-regulate function of
myosin. Phenylazobenzoyl-iminoethyl-Tri-Phosphate (PABITP) have been de-
signed and synthesized. In the preliminary experiment cis isomer of PABITP
was hydrolyzed by skeletal and smooth muscle myosin in the presence of
Mg2þ much faster than trans isomer. The results suggested that the cis isomer
and trans isomer perform differently as a substrate of myosin. PABITP induced
dissociation of acto-myosin.Myosin-PABIDP-Pi analogues (BeFn) ternary com-
plex that may mimic transient state in ATPase was formed. X-ray solution
Tuesday, March 8, 2011 487ascattering showed that the radius of gyration values of S1PABITP(trans) and
S1PABITP(cis) are almost identical to those of S1ATP and S1ADP respec-
tively. The results suggested that the photo-isomerization of the PABITP induce
conformational change of myosin head, which may reflect energy transduction.
2642-Pos Board B628
Photocontrol of Myosin V ATPase Activity using Calmodulin Modified
with Photochromic Compound
Hideki Shishido, Mitsuo Ikebe, Shinsaku Maruta.
Calmodulin (CaM) is a physiologically important Ca2þ-binding protein that par-
ticipates in numerous cellular regulatory processes. CaMundergoes a conforma-
tional change upon binding to Ca2þ, which enables it to bind to specific proteins
for specific responses. For example, Ca2þ/CaM regulates actin-activated AT-
Pase activity of myosin V. Myosin V is a processive motor that has a role as
an organelle transporter in various cells. The neck domain of myosin V carries
six IQ motifs, which act as a binding site for CaM or CaM-like light chains.
Previously, we succeeded to photocontrol CaM binding to its target peptide us-
ing the photochromic compound N-(4-phenylazophenyl) maleimide (PAM),
which reversibly undergoes cis-trans isomerization upon ultraviolet (UV)
and visible (VIS) light irradiation. In order to incorporate PAM into specific
site, CaM mutants that have a reactive cysteine residue in the functional region
were prepared. PAM was stoichiometrically incorporated into the cysteine res-
idues in these mutants. The binding of the PAM-CaM mutants, N60C, D64C,
and M124C, to CaM target peptide was reversibly photocontrolled upon UV-
VIS light irradiation at appropriate Ca2þ concentrations.
Subsequently, we tried to photocontrol reversibly the function of myosin V us-
ing the PAM-CaM by UV-VIS light irradiation. Some of the endogenous CaMs
of myosin V were substituted by exogenous PAM-CaMs. The actin-activated
ATPase activities of Myosin V, substituted by PAM-CaM were slightly revers-
ibly photocontrolled upon UV-VIS light irradiation. Recently we are trying to
significantly photocontrol using novel photoresponsive CaM.
2643-Pos Board B629
Kinesin-Cam Fusion Protein as a Molecular Shuttle with Calcium Depen-
dent Cargo-Loading System
Takashi Kouda, Hideki Shishido, Shinsaku Maruta.
Recently, attention is being focused on the application of molecular shuttle
based on kinesin and microtubules. Essential point regarding a molecular shut-
tle is the cargo-loading system. Since the intrinsic physiological mechanism un-
derlying the selective binding of cargo to the tail domain of kinesin has not been
clarified thus far, artificial binding systems have been utilized for cargo bind-
ing. For instance, in a previous study, biotin-avidin and antigen-antibody sys-
tems were used for cargo binding. These systems are known to be highly
specific with extremely strong binding property. However, they have a defect
that the shuttle cannot release the cargoes. Therefore, it is required that a molec-
ular shuttle should have the property of reversible binding of cargo.
In this study, we developed a new molecular shuttle system in which the
cargoes of liposome labeled with M13 peptide reversibly bound to the shuttle
of kinesin-CaM fusion protein depending on Ca2þ concentration. We have pre-
pared the shuttle K560-CaM that consists of the N-terminal motor domain,
neck region, a-helical coiled-coil region and CaM at the C-terminus. K560-
CaM showed Ca2þ dependent reversible binding to M13-GFP. And,
Maleimide-conjugated liposome was prepared and its stability as a cargo was
examined. We also designed and synthesized the M13 peptide that has a single
cysteine at N-terminus. The peptide was reacted with maleimide located on the
surface of liposome. Currently we are studying the Ca2þ dependent interaction
between M13-liposime and M560-CaM.
2644-Pos Board B630
Cochleate Assemblies with Antimicrobial Oaks and Lipid Mixtures in
Absence of Divalent Cations: Biophysical Properties and Strategies to
Overcome Drug Resistance
R.F. Epand, H. Sarig, D. Ohana, B. Papahadjopoulos-Sternberg, A. Mor,
R.M. Epand.
We have recently shown that the cationic antimicrobial oligo-acyl-lysyl
(OAK), C12K-7a8, can form cochleate structures with lipid mixtures mimicking
the composition of bacterial cytoplasmic membranes. These assemblies can de-
liver drugs to bacteria, enabling them to overcome multidrug resistance and to
effectively protect neutropenic mice from lethal infection upon single-dose sys-
temic treatment (Livne et al., FASEB J, in press). The OAK-based lipid sys-
tems form cochleate structures with the novel feature that divalent cations
are not required for their assembly, thus freeing the requirement for PS as
well. We demonstrate that cochleate structures can assemble with a variety
of OAKs analogs and several lipid mixtures, but with varying efficacy. We
identify the biophysical characteristics that lead to cochleate formation in theseOAK-based lipid systems and the requirements for enhancement of their bio-
logical activity. The novel fact that lipophilic OAKs can drive cochleate forma-
tion in the absence of Caþþ with a variety of phospholipid mixtures results in
structures which can be exploited for drug delivery and permits their synergistic
use with antibiotics to increase efficacy and reduce toxicity. Knowledge of the
biophysical properties of these assemblies allowed us to optimize their effec-
tiveness in combating bacterial multidrug resistance.
2645-Pos Board B631
Bacterially Acceleration of Caco3 Mineralization
Jenny A. Cappuccio, Veronica D. Pillar, Changrui Xiao, Arthur Yu,
Caroline M. Ajo-Franklin.
Geologic carbon dioxide sequestration, the underground storage of carbon diox-
ide,will be an essential component of climate changemitigation.Carbonatemin-
erals are a promising form of stable CO2 storage, but their natural formation is
slow.Manymicrobes can influence the precipitation of carbonateminerals; how-
ever the mechanisms of suchmineralization are largely unknown. Hypothesized
mechanisms include metabolic processes altering pH and supersaturation, as
well as cell surface properties of extracellular polymeric substances (EPS),
cell membrane, and protein surface layers (S-layers) that may alter mineral nu-
cleation. This work investigates these mechanisms by allowing calcium carbon-
ate (CaCO3) to form in microbial solutions of Escherichia coli (E. coli) or
Synechocystis sp. PCC 6803 (Syn. sp. 6803) with varying calcium ion concentra-
tions, via the ammonium carbonate diffusion method. The resulting CaCO3 was
imaged with an optical microscope in tandem with fluorescent imaging of the
bacteria. Surprisingly, formation of CaCO3 was accelerated in the presence of
either species. This rate acceleration also occurred for metabolically inactive
bacteria, suggesting metabolic change was not the operating mechanism. Cal-
cium carbonate crystals increased in number as cell density increased. Fluores-
cent images show that both species of bacteria cluster on the edges and crevices
of the crystals, further supporting this idea. Bacterial surface chargewas assessed
using zeta potential measurements and correlated to biomineralization experi-
ments. From these results, we postulate that the charged bacterial surfaces attract
Ca2þ ions, serving as nucleation sites for CaCO3, thereby accelerating crystal
formation. These observations provide substantive evidence for a non-specific
nucleation mechanism, and stress the importance of microbes, even dead ones,
on the rate of formation of carbonate minerals. This work also indicates that ad-
ditional microbial engineering could optimize these interactions and be used to
implement the sequestration of CO2 as stable mineral carbonates on an acceler-
ated timescale. http://foundry.lbl.gov/afgroup/index.html
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Optogenetic Studies of Electrical Spiking in E. coli Using an Engineered
Proteorhodopsin
Daniel Hochbaum, Joel Kralj, Adam Douglass, Adam Cohen.
We recently engineered a mutant of the transmembrane protein green proteo-
rhodopsin (GPR) that is fluorescent, and whose fluorescence is remarkably
sensitive to membrane potential. When our probe, a Proteorhodopsin Optical
Proton Sensor (PROPS), was expressed in E. coli, we observed dramatic
blinking behavior, with five-fold increases in cell-wide fluorescence occurring
at approximately 0.5 Hz. We traced the blinking to transient electrical depo-
larization of the membrane. In an effort to elucidate the mechanism and bio-
logical role of spiking, we subjected E. coli expressing PROPS to ionic
shocks, dyes, antibiotics, toxins, and a variety of illumination conditions. Elec-
trical spikes correlated with rapid efflux of cytoplasmic contaminants, suggest-
ing that the efflux machinery in E. coli is pulsatile and electrically regulated.
Our initial optical-electrophysiology studies in E. coli demonstrate that
PROPS is a powerful tool for relating electrical activity to function in
microorganisms.
2647-Pos Board B633
Antibacterial and Ultra Microscopic Studies of Salmonella Inhibited by
Silver Coated Carbon Nanotubes
Angel Hundley, Shreekumar Pillai, Courtnee’ Bell, Komal Vig,
Michael Miller, Vijaya Ranagari, Shree Singh.
There is an urgent need for newer antimicrobial agents to prevent or treat Sal-
monella enterica serovar Typhimurium foodborne illness. Silver coated carbon
nanotubes (AgCNTs) are attractive candidates as these nanocomposites may
have tremendous mechanical strength, nanometer diameter, high aspect ratios
of length to diameter, and potential antimicrobial properties of silver. To in-
vestigate this hypothesis, we conducted a time line analysis of the antibacterial
activity of AgCNTs against Salmonella enterica serovar Typhimurium using
SEM, TEM, and AFM. Antibacterial studies were also conducted using the
Kirby-Bauer disc diffusion assay, the bacterial growth curve assay, the stan-
dard plate count assay, and quantitative real-time PCR. In the Kirby-Bauer
